The dried fruit of Evodia rutaecarpa (Juss.) Benth. (ER) is a well-known traditional Chinese medicine and has been used in treatment of headache, abdominal pain, migraine, chill limbs, diarrhea, nausea, hyperbaropathy, dysmenorrheal and postpartum hemorrhage. In this work, a comprehensive characterization of chemical constituents in ER extract is carried out by high performance liquid chromatography coupled to electrospray ionization and quadrupole time-of-flight mass spectrometry. The increased power of higher mass resolution and exact mass measurements for precursor and fragment ions lead to detection of 3 acylgluconic acids, 3 flavonol glycosides, 6 limonoids and 24 alkaloids in ER, of which 6 quinolone alkaloids has not been reported previously to our best knowledge. This research enriches our knowledge of chemical constituents of ER and provides a reliable guide for further pharmacology and active mechanism study on this herb.
Introduction
Traditional Chinese medicines (TCMs) have been prescribed for thousands of years in China, and continue to be widespread use because of the high pharmacological activity, low toxicity and rare complication. Recently, pharmaceutical scientists working on this field of research are facing difficulty in understanding the effective constituents and action mechanisms of TCMs. Unlike the synthetic drugs, TCMs have more complicated compositions and exhibit the curative effects by all the components rather than a single component. In this respect, due to the chemical complexity and unpredictability, it requires a systematical and comprehensive strategy for rapid screening and identification of the constituents, particularly the minor unreported constituents in TCMs, which is an integral part of the drug discovery and development process.diseases, such as gastrointestinal disorders, postpartum hemorrhage, headache and amenorrhea. Previous phytochemical studies had revealed that ER mainly contained limonoids, alkaloids and so on (1, 2) . Modern pharmacological studies have demonstrated that these components exhibited anti-inflammatory, anti-cancer and antiallergic effects (3) (4) (5) . Thus, it is valuable to make the comprehensive investigation on the profile constituents of ER. However, the isolation and complete structural characterization of minor compounds from plant material is notably complicated and time-consuming tasks. A rapid and sensitive method for the structural characterization of compounds in plant extracts is required.
Recently, the development of high performance liquid chromatography coupled to electrospray ionization and quadrupole timeof-flight mass spectrometry (HPLC-ESI-Q-TOF-MS/MS) has demonstrated its merits in the structural characterization due to high resolution, accurate mass measurements and elemental composition information. This technique offers a significant advantage for rapid screening of target known and unknown compounds in complex matrices, even when standard sample is not available (6) (7) (8) .
To our knowledge, no report has comprehensively studied the constituents of ER to date. The aim of this study, therefore, is to systematically investigate the major chemical constituents of ER in both positive and negative ion modes by HPLC-ESI-QTOF-MS/MS. The results confirm that this approach can be routinely used for the rapid identification and characterization of chemical constituents, which will facilitate the elucidation of known compounds and accelerate the discovery of minor unknown compounds from this herb medicine.
Experimental

Materials and reagents
The dried fruit of E. rutaecarpa (Juss.) Benth (batch: 201403) is purchased from Bozhou, Anhui Province, P.R. China. Voucher specimen of E. rutaecarpa (Juss.) Benth was assigned by Prof.Y.L. and deposited at the Department of Botany (Jiujiang University, Jiujiang, china; voucher: ER-20140302). Analytical standards of evodiamine and rutaecarpine are purchased from the Nanjing Zelang Medical Technology Co. Ltd (Nanjing, China); their purities are above 95% as determined by LC-MS.
HPLC grade acetonitrile, methanol and formic acid are purchased from Dikma Company (Dikma, USA). Water is deionized and double distilled. All other analytical grade reagents are from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).
Sample preparation
An aliquot of 1.0 g ER drug powder is accurately weighed and extracted with 10 mL of methonal by ultrasonication for 30 min. The extract is centrifuged at 12,000 g for 10 min, and then the supernatant is filtered using a 0.22 μm membrane.
HPLC conditions
The chromatography analytical procedures are performed on an Agilent 1260 Series (Agilent, Santa Clara, CA, USA) LC system equipped with a binary pump, an online degasser, an auto plate-sampler and a thermostatically controlled column compartment. The columns are maintained at 30°C. The separation is carried out on an Agilent poroshell 120 EC-C18 column (2.7 × 100 mm, i.d., 2.7 µm), preceded by a C18 guard column (4.00 × 2.00 mm; Agilent). The mobile phase consisted of water containing 0.1% (v/v) formic acid (A) and acetonitrile (B). A gradient program is used as follows: 0-10 min, 5-20% B; 10-25 min, 20-40% B; 25-45 min, 40-90% B. The composition is then held at 90% B for 10 min and returned to initial conditions and maintained 10 min for equilibration. The flow rate is 0.35 mL/min and the sample injection volume is 3 µL.
Mass spectrometry conditions
Mass spectrometry is performed using an Agilent 6530 Q-TOF mass spectrometer (Agilent) equipped with an electrospray ionization (ESI) interface, and is operated in both negative and positive ion modes. The main operating parameters for negative ion mode are as follows: capillary voltage, 3,500 V; fragmentor, 160 V; skimmer, 65 V; OCT 1 RF Vpp, 750 V; pressure of nebulizer, 35 psi; drying gas temperature, 300°C; sheath gas temperature, 350°C; drying gas, reference standards or also considering the data from the literature (1, 2, 9-11). The unknown compounds were tentatively deduced based on the accurate molecular weight, empirical formula and key diagnostic fragment ions determined by QTOF-MS.
Results
Optimization of LC and MS conditions
Analysis of the chemical constituents of ER by HPLC-ESI-Q-TOF-MS/MS
The total ion chromatograms (TIC) corresponding to positive and negative signals of ER were obtained, as shown in Figure 1 . Under the present conditions, 30 compounds were identified as known compounds from ER sample by comparing their retention times, the accurate masses and fragment ions with those of reference compounds, or by matching the empirical molecular formula with the literature (1, 2, 9-11). However, six quinolone alkaloids were tentatively identified as new compounds and reported from ER extract for the first time. The structures of all the identified compounds were shown in Figure 2 ; the detailed information was summarized in Table I . 
Characterization of acylgluconic acids
Characterization of limonoids
Limonoids are another major group of chemical constituents from ER. The MS and MS/MS spectra of ER obtained by QTOF-MS indicated that the negative ion mode provided higher level of sensitivity Comprehensive Characterization of Chemical Constituents in ER Extractcompared with the positive ion mode, allowing the identification of six compounds. Peak 10, a unique peak extracted at 27.185 min, gave an adduct ion of [M+Cl] − at m/z 519.1421.
Two characteristic ions at m/z 135.0449 and 161.0605 were, respectively, generated from two transition-sate fragment ions A − and B − , as shown in Figure 3 . On the basis of the above points, this compound was tentatively assigned as evodol. Peak 13 with an [M+Cl] − ion at m/z Figure 5 . Proposed fragmentation pathways of evodiamide (A), evodiamine (B) and rutaecarpine (C). Figure 4 . In comparison with the available reference (9), peak 13 was tentatively characterized as evodirutaenin. Finally, based on the acceptable MS data and the MS/MS fragmentation pattern and known compounds reported in literature, four similar polar compounds 7, 8, 9 and 15 were also detected in ER extract and were tentatively characterized as rutaevine, limonin, graucin A and rutaevine acetate, respectively. Figure 6 . MS/MS spectra and proposed fragmentation pathways of 1-methyl-2-octyl-4(1H)-quinolone.
Characterization of alkaloids
The alkaloids in ER are mainly assigned to two classes of quinolone or quinazoline based on the deduced structure by Q-TOF-MS in the positive ion mode. A total of 24 alkaloids were identified in ER sample, of which compounds 14 (detected at 28.784 min) and 16 (detected at 29.657 min) were unambiguously identified as evodiamine and rutaecarpine by comparing their retention time and MS data with those of reference standards. Other compounds were tentatively assigned on the basis of their empirical molecular formulae and literature report. showed loss of methyl radical to yield a characteristic ion at m/z 273.0869. In addition, other characteristic fragment ions at m/z 244.0849, 169.0731, 145.0374 and 115.0517 used to confirm this structure were also observed, as shown in Figure 5C . Figure 6 . In addition, the fragment ion at m/z 244.1997 was generated by neutral loss of CO from the parent nucleus. Therefore, peak 17 was tentatively identified as 1-methyl-2-octyl-4 (1H)-quinolone, previously isolated from this plant (11) . Similarly, peaks 18, 20, 22, 23, 25, 27, 28, 30, 31, 34 and 35 shared the same fragmentation behavior as 17, and were thus tentatively identified as 
Conclusion
This study demonstrates the power of HPLC-ESI-Q-TOF-MS/MS for identification of multiple compounds from TCM ER extract both in negative and positive ion modes. It allows the tentative characterization of a total of 36 ingredients belonging to various structural classes: acylgluconic acids, limonoids, flavonol glycosides and alkaloids. Of these, six quinolone alkaloids have never been reported from ER, and are described here for the first time. The results of this study improve the scientific knowledge of the compositions of ER and demonstrated that this method is an effective tool for the analysis of multiple components and searching for some novel compounds from a complex plant extract.
